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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a semiconductor laser 
element which does not deteriorate in element characteristic even 
in high-output operation, obtains a sufficient life, and can maintain 
low-noise characteristics. 

SOLUTION: On an n-GaAs substrate 101, an n-AI0.5Ga0.5As clad 
layer 102, a non-doped quantum well active layer 103, a p- 
AI0.5Ga0.5As 1st clad layer 104, a p-AI0.2Ga0.8As light guide layer 
105, a p-AI0.14Ga0.86As etching stopper layer 106, a p- 
AI0.5Ga0.5As 2nd clad layer 107, and a p-GaAs cap layer 108 are 
laminated and grown in order. Here, the AIGaAs 2nd clad layer 107 
and p-GaAs cap layer 108 are machined in a ridge shape, and an n- 
AI0.7Ga0.3As current stopping layer 109 is formed so that both the 
flanks of the ridge part are buried; and a p-GaAs contact layer 1 10 
is laminated and an ohmic electrode formed lastly. 
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CfS^l ] *^f*SS±tc. T9?y FB. r£tt 
B. mi 1.^=7 v KB. KB. x-vJ-lsifX F y 

^MRUm 2 ± * 5 ? FB £^*?S&©*«{*B#J15Ji& 
^21^7 5 FBK:* F7^?tK©l8a£*rr 

©ratcEssn. gt^^w fb©^*> f*> yfit. m 
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x»^^h»AB©;OF¥t»^J:^*<. S 10 
h ? ^•BX»iS^^-r KB t &x ? ^ > if 

x k ^^'B^aB^jg* 5 . ^tiu— vyttcttL-mnmu 
[ m^m 2 ] mriEffittBcD u -if ^igjgs a i i «re 
x 2 <t©^#. Tieo^^jSs-r-sffiHtc*^ 

-1 2 n m ^ A 1 - A 2 ^ 2 n m 
iit3fc]f 1 fBiS©*^» U— !f*T. 
[193913 ] SUffiX y^VX F y^M<D^> F+> 
y ^{CtB^-reiSSA 2 <b|!(ia?fe*V FB©^*> F+> 20 
•v^CtB^-T-S&SA 3<b©^#. TSE©&#*?&£-r 

0nm<A2-A3^70nm 
Sf^^ 1 JU*m*m2 (£fB*S©*jgffc U— tf^„ 
[W3ISS4] lulB^^V FB«:^JJn3ti/c^^?SS 
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3c>gw?jf i ~w*3i3©t^-rn3!p«cie«s©¥^u- 
-tf*^. 
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*>cctatg©*««:u-im^. 
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h?^ ^«i§nsp{c©*Eg5 tix c> sia^ i -it* 

JI9 ©t>-rtl^{Cffi«©¥S«:U— !f5g-¥-„ 
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n-GaAsl«llK, n - A 1 Ga I n Pff^ y 
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[0 0 0 7 ] ±3B^ESK:tel,ir. p-Ga I nPnJiSfn 
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-l 2 n A l - A 2 ^ 2 nm 
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rfc^-ZXASM-Ti. — A 1 - A 2#*8*ttl©;*; 
tftftffl^iS^KUx y^-lsifz. F y^<H-C©oJfi& 

^m^©JS6iffceH-rsfi^^'f xtfim*.-? 

■5. St4@©U-tf^^gA 
®©^-> K*> y^tcta^^SiSSA 2 i©^. 
- 1 2nm^A 1 - A 2£2nm 
©ffiHrtiC&S^RXi-rSi. IfJit^^Xit-f^^ 
X©M^*ffiiSr#S„ C<Dtc#>. jAt^ffi^KHtc*} 

t^T^L>-yte^-f-x1t^4^^<!^#T , ^-. 

[0 02 0] Sfc. Jf*L<». tJIEx-^^^i/^ h 

v<b©m> f*> v ^tcta^r siss a 2 <t mriafttf-r 

fB^OFft? ^(Cffl^-rSiSSA 3 i©^*i. T 
0nm<A2-A3^70nm 



(4) 

5 

[002 1 ] ls-V&ffi<D5l.%±.&K)K.ts^T, OfflM. 
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J1-C+ * y tjWBScT afc*. mi&fttti;fcl$i*fe©x * 
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HKis^ra^lioD^osiiSyfeHl^tt^en. fro 
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[0 02 8] $/c. jf?$ l> < (J. BJfeTfctf-^ KJf & 

[0029] jd®i£ic£tiii. ifctf^ vm~»*-'*-7 
a - U/c*tfiS* y 7 ##FJlrt «1H 6ft -5 ft: 



10-294534 

6 

{c*^yr*i^3ftrfe-e©*^s< ta*. (gy-r 

[0 030 ] gfc. »S 1/ < «. B?ie3fe*V FSOTM 
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[ o o 3 2 ] a/c. u < tj. iiria^-f vm<D±s 

mttlOO A&.±2 0 0 AJJlTf abS^tSi^S. 
[0 03 3] 3t*V FHJ¥*5?S< h 

^>-r<JoC-5„ ±iaffiBrtcc£>ftfcf. 

®-©*K(;3i«)^*W*. *>o«aB6HJ*Wtt©ft 

fctei.>xmm&<DBk^m%tfttiij}itmAm ^ft> 

^-CX^tt^ffi}^$ftS„ 

[0 03 4] g/c. »*L/<». B?IBxy^>^ h v 

'*m&. HtriBx f 7 ■{ ^wngBJcco^geg^ft'rc^ 

[003 5] *«^KJ;ft«. X h 7 T'rt^T?©^ 

[0 03 6] gfc. j>f^0<«. MiB^ f V v 

ft/cffl^^rJto^i -J- 6. 

[0 0 3 7 ] *^fiS{Cj:ft«. ±<f -t ^^^*>e©M0 

znf-mmt<DteKftm* ! }\*mcL< / c< <^^„ c© 

[0 03 8] $/c. JfSKB, fjiex^^>^ h v 
[0 039] ^«fiX(c J:ft«. A 1 ©^bfciag-r^ii 

[0040] 

[oo4i] Kts> &mc*s^xmm<Dmm*um&m 

tiiKA^rffll^-S,, 

[0042] (ses^jsg dish tt^gMHjNMtu-if 
m*o>mMBm 1 1 ij. *^«:a i 

G a A s 3?ii#ft£/IH>/c y ^ i?M©*3S» U— tfjg-^tc 



[0043] si$c£Et,\ c<D¥#&u— vm+omm 
o i £/&giig (mtskn-f) rttc-fe^hu c©n-G 

aAslRlO l±Ct, ^l|Hia^ H B B^SCC<fcOn- 
A l B(5 Gao.iAsT^7-; KJB 10 2 <*+l/Ti£& 
lxiO l, cnr\JSSl. Omcq), -/> K-7'g^ 
#Fffittll0 3 k p-Al 0 . 5 Gao.sAsSll^7 

? khi o 4 y riftffii x i o i8 cm-\ ms 

0. 17/im), p-Alo^Gao^As^VFIl 
05 (+t'J7jSglxi0 18 cm-\ H5200 
A), p-Al,. 14 Ga 9 ., s Asx^>^F^;Al 
106 UTiftttl x 1 0"cm"\ Jl£100 

A), p-Al Oti Ga 0 . 5 AsI2±^7^F1107 



. MS 1 - 2 Mm) S 
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C/p-GaAstt^I108 
0 1, cm'\ WO. Um) WX«g3tS 8 
[0044]CCr, -/^K-^a^PffiffiBl 0 3 
AK. 14 Ga 0 ., 6 As #FH OSS 10 OA), A 
l 0lI Ga,.,As|»8i 0*3 1 0 0 A) RZmW&<D 
//-f KB (WS30 0A) 3^6JSSS3a#FfllJt«:jpjaE 

[0 04 5] *fc, Blfi»!RiRJiitt€»p-A U.,,G 
a 0 8 6 A sx^>?^ h */*B 1 0 6©a*> K*> * 

[0 046 ] ±E<D*#M*IB3WJBia3 ftfcn - G 
aAsMElO l*«fiRW»6mDiHU <2#0CD:7 * 
h»Jvy77^ £^£fflt,>T p-GaAs + ty^Bl 
0 8±CCX h^-f^K©S i O.W&J&KTS. €-0 

tRx^>^&Jg£fflt>T, p-AlGaAsx^> 
^ K 0 6K.mm?Z><}:5lCp-A 1 Ga A s 

fB2±#5v K»l 0 7Mp-GaAs + t^I 1 

o 8 «r y 3r s?»««:inxr £o * 
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OT#{fc**»S:flH»/c. 'J-;i?Sttp-AlG 
aAsi-;?>^F *'*B1 0 6 <b<DJ?H T 1 

[0 04 8 ] ^<Df£. m&, n-GaAsIfilOll: 
«ft*an*MC-fe* K U fyiEcDS i 0 2 ^££ib/c£$ 
»2 |5|B(Dttaj0Efi{c J: 0 n-Ala.7Gao.3As 
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20 mi 0 1 ottocs-**- = v zrnmL (s^t*-r) *jb 

j«U ^P3iiK:J:*9ft^SS^3 7 5 MmtCi^SUT, 
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x^>«l« v^mi 0 6CD±{fflk:iSSL/ci:b^l 

[005 5] C<Di^&iSm* s ^6n/cS*«:oCi-C 



[0 056] 3fc*/-f KH 105 tt. p-iliH^ F 
40 il04*sJ:CJf p-»2±^7yK»107cJ:«5Al 

C> 0 EP^. K»l 0 5ttaJfiMBftJR»il/r«< 

x?^Wh ^^'H 1 0 6©*BHGii«>**it^S-& 

[0057] #tC, tiHffil 1 CD^zSttU— tf^CC 
50 SSB»1<D*««:U— tf**ecfcC>r». iBHtfJB&ffiBS 



9 

CO 0 5 8 ] -XtC. x^>^h;^I10 6OAl 

0 6(DA> K*> ^^tCtBS*r€)^SA 2^r^t^-t±/c 

fWU («TR I Ni»«) 

©H«*ffiSUfclS**H2K:*r. MStt2 0mm 

<b u m&fatiak*s*zffiwa&&* 1 2 0 kH z • 1 

OkHzm RINttR9JI»l-15%-C8ftS 
[0 059]i2<fc0, A 1 - A 2 

INtt-130 dB/HzJMTOiS^-fXWttj&JtBtS 
[0 06 0] Ctl60*»»U- 

an aunt. 

[006 1 ]B3tt, A 1 -A 2<fcW£i?**<t©l»« 

-1 2nm^A 1 - A 2 ^ 2 n m 
[0 0 6 2] A l-A2#2nmJ:9fc**tr>»'&K: 

^*b i o 6 pjia«»JKa&»as 

[0 0 6 3]-^ A 1 -A 2^-1 2nm<fc0fe/h3 

«ea*3&*»< (wo , R9#>^xtt^(cH»c* 

[0 0 64] «±©»Bit8»cj;g. ^03t^-YXiS 

Lfcfi^X^fcfiSfcaMctt. tSteB10 3©U- 
1f*8SfcBA 1 ii?f>yx K ?^'B 1 0 6©ac> F 
=Fr ? ^CCti^T^^SA 2 iCD^A 1 - A 2ifi. 



(6) *$g{J¥ 10-294534 
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- 1 2 nm^ A 1 - A 2 ^ 2 n m 

[006 5] fc*>\ #SQ6Jf55£ 1 rttffiteB 1 0 3 CDS 
*#FB*3B*Jt<fcbfc** % <fe<D#FB&£8fflO 

[ o o 6 6 ] i *tfl*«a>*» 

[0067] (I8*«tt2) *«*BB»2rtt. #*/-f 
FB 10 5 &!>'x /*B 1 0 6 <D#Jg*iH 

F1105*p-Al,. 1J Ga 0l „As (^t'JTigg 
2x l 0" cm-\ US 1 5 0 A) iU x^>^ 
h^«106*p-GaAs (* + 'J TaiS 1 x 1 
0 18 cnr\ I$30A ) iUfc^rlSteJBjlRl i« 
20 g^otl^ 0 

[0 06 8] *JS»JB«2«:*JW*x^^>^ F*>* 
B 1 0 6tt*WKW< , *fc«^«»fcJ:^r swwa 

Ccffi|B3tiyt36//-Y FBI 0 5fcj;?J, x^>WF 
?>*B1 0 6©«^{toMWS:3W* 3ERJK»5ttfi 

1 0 6 «pT^«IPRiRB <t Ltffl< . 7 * 5 * * -fe > 
*&K£9S'Jy£L/c<!:C6, SttB©U-1f«ffi«fiA 
30 l*iMx^>^ h ^B<zm> K*> ^r/CcffiS 
■TS«fiA20itJA 1 - A 2 = - 5 nm^ofc, 
[0 06 9] #|gtS»JK 2 CCfcW KB 10 5 

S^-#Pr£14B i 0Sfl[©^ >K*t7^t?*4yt 
pJ^SieRiRBi UTflif < x * *>y* h *^B 1 0 

FB10 5a*4>?IfiflI»J|XB<!:Or»<. L^U °J 
fi«IKJRS9*Wx »;f>^h'> /*B 1 0 6 KJrt^Tfg 
l> 0 v* F^5*y42>XffiCCj:0a93EL/ciC5, x 
y*ls9-A bv^Ml 06©^>F¥**^«Cffl^-r£ 
40 K5A2fcJ;0'MY KB 1 0 5©^>F=P+ v^CCtB 
^■T4«fiA 3©^B A 2-A3 = 20n m-C^-p/c 0 
[0 07 0] Tta^2«, 3BOWB«2©*W#U-1f 



[0 07 1 ] 
[H2] 
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6 OmW 


8 0% 



[ 0 0 7 2 ] #12 <fc «3 . *HiS^S12 ©¥«{*U— !fSg 
5fe©HJ6^ 1 ©¥*gf* U — tf ^-T-tCit^-S £ . 

[0073] ¥«f*u-1f^©:fcffl;WJf*-f 
(,». x? ^>i/X K y >m 1 0 6CCfeW^3t^a^itA 

o 6 tt'-cf?^ Ufiig-r ;<b i 

0 6 t.%114 KB 1 0 5©;<> K*> ? :7^7!>VjN3<,>Jg 

^ h 2,^-® i o 6-emmL$ti-?jm\t 

&ofc*i> UT KB1 0 5»Mw<-7D- 

-TS. KB 1 0 5ttx?^>^;* h ?;<B 1 0 6 

[0074] -XtiC. itiiA KB 105 ©A 1 iSHitSrSl 
iSCiKiot. KM 1 0 5©^> K*> s» ^ 

«CtB^-r £ A 3 3 ■& fcffeli^SS^!!!! 2 
ilftu— !f^&|3|fl|j£©4>©&f'Pl?U &;*;BBjfSfI 

tot)£mMbtd&g:&m4<tCm-?. x ~;?>tfx h *a 

1106 ijfctf-f KB 1 0 5©'0 K*> ? 7 - {cta^-r 
•Si&SMA 2 - A 3#*:£ < ri&tcft^xWck&mzm 
tittWbZ 7 0 n mJ&Ui-CM:** BBj&Sffl* 

*^SiJc®T-r -5. cniO, x^>Wh^ ><B 1 
0 6T?©itipiJ* + 'J7«^ KB 1 0 SfflJ^*-'*- 
7Q-t4fc»«:(i. X-^^>^ f- »/1fl 0 6£3fc 
*V KB 1 0 5©^> » ^M(cffl^-r-5jgS^« 
7 0nm &.TX-$>ZC±1)W£ U>C 
*J. A2-A3£0n mCCfcl^-Ctt. 3fc# ^ KB 10 5 
©/<> K+> ?1fix.v=f-^>f7s V v>*M 1 0 60^0 
K^-r v «3/hS < t£%1c#>%ij4 KB 10 5 -C©pJ 
^fntRiR^SA^Stc s . c ©Mm u - if msbic <fc o 

T^TrS*lfc#rSttB3^iI?TU ¥5I<*U— 

©j£ifr#s#{b-f£o 

[0075]*fc. *^©*«»U— !f^«. (gft 

ffl^iWWfa*** ur©^-^-7a-*i^t;-r. is 

ffrtfJtg^fit^x ^ K v AB 1 0 6©*f 

* + y T#ri5?sSU ^ifeKta^j^tt©^ -f ?=^> iWE 

■MKii-i KB1 05^-M-7O-U ^ftftft** 

(0 0 76] ^(C. KB 1 05<Dmm&mt2it 

tcmz*9zwmm 2 ©*ig& u - -vm* t mm&v> *>© 



KB 1 0 5 (DmfrW 1 0 0 AfcTTCttx 3->if 

es^w^^h?^,, -*2 0 0 kvLk-etcmnmti: 
fct>r @®iai£i#irr s i«cca^i4©fti,^^tH 

^tt*#S/c*fc«» ^^/-j' KB 1 0 5©f*« 1 0 
0AULh2 0 0 At(T if £©#}?$ 
[0077] SfcI2J;»), *SISfi^S§2 ©*«f*U- 

^>^SS»J*WLTb-Cl,^. *JISS^S§2«:4jW 
5x-;?>W1- wSH 0 6tiA 1 
ffi*^b$n{c<^. €©fcest>. !6&6Jf2&l ©¥jS**u 
20 — tf*^«:J:b^-rWfi£SWM©^Rg^eM0. J:0iiSl^ 

mire i, mmmmnx-s tc t #x h n s „ 

[007 8] **SS^2-C». p-GaAsx-;f> 
d/X K y 1 0 6 ©J?*££ 3 0 A t btcifi, S-^# 
F1fjSK:*j^r«^©Jl^K:J; ot^Sttft^ > K^i- 
^A^j bf h lob . iiawfiT^S*^ JC «lgx 5, 

?>wf v >m<»m- 1 0 0 Ajjrre&sc 

*0^ o ^b*^^i'©X7^>^Sfg{C^l, 

r+#&x » ^ > #w±i&m*m-? .s/ctotcti. tgx v 

?>Wh y^B©/l**s 1 0 AJW±-C*-SC<k^»S 

30 

[0079] *HSS^SI2 Ttt. KB 1 0 5 

b^mmis&itm±L-c®<mi8.£Ltt&> A2-A3*s 

iSW^KifPfcfcW S + + 'J ^ n - (i|a c 0 ^> 

[0080] (.mi&mmz ) *^is^sg3 ©*«^ u- 

■WR-T-TI*. ^bfi-i KB 1 0 5 © W&?<§@f#s±ieMfe 
Bm2<D9c#4 KB 1 0 5 ©^^SSig^-Sfl&J*. 

40 KB 10 5 ©TiK$}i£K{i 5 x l 0"cm"' V$> *) „ ^ 
x 1 O 1 " cm- 3 -C*SSI^SI2i{3:C© 

[008 1 ] Tie«3tt. *3ISS^Sg3©*«ftU— y 
^©g^ef&^mtH^3tecfct>-x-y>y^S* >3©^ 

So 

[008 2] 
[S3] 
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[ 0 0 8 3 ] S3 J: 0 . #HSSff*!83 ©*i!£{* U-1f Jg 
K1105 ©^^)iie[* 5 *6S^2 KUrb^tTiS < ft 

[0084] #(C. KB 1 0 5 o*i&mg&*%. 

a* *) zmmbtd&gkzm 6 «t^-r „ kb i o 5 

1 x 1 o" cm- 3 fc*-tT?**S®lfaSdi 
**«Sl«(C±S-r&**. 1 x l 0" c m" 3 fcLBCfc-S 

i. isakk*£i;4>-*-< fto*a* oASftaucfsr-r 

/cfefCCJ. KB 1 0 5©^%?ga*i lxio" 20 

cm-'lUJbl x l 0"cm- ! «TTS>5CiW3;(/ 

[008 5] *Xft0B&3 «c*»l»-Ctt. Kit 

^•■c e mm\x>t>wfa±.i, x k t *> e-r . 
x-y>^*^$g©fiTttJis>ft&t». cn«. bj* 
tttfflttflaStcfcl&jfc* + T*%1U KB i o 5 -emit 

[0086] wc, *mmfcm3<D¥m#i>-irm*ic*3o 



#©Kcf £iFflSL;*t*s**ia7 tc^-r. 

»'fS10e ©^FWfaigK** 5 x 1 0 * ' c m-'aTtu 
SA&B#i@t:9tc< <&9. 3x i o'^m-'IsLhr 

t> ^ > ifmft&mm * & s . u^x. fc^mtim 

6©^^}igS*i5x l 0"cm-'«J:3 x 1 O^m" 3 

[0 08 7] (HMflS&U) ASSESS 4 ©i£aS&U- 
tf^-Ct*. KB 1 0 5 ©A 1 SAtbMMttrffl 

KB 10 5 ©A 1 M&ttltmmyjfaX 0 . 14*60. 

2 *-C^{bUr*jD . K+> ? :/#x y K 
j^Il 0 6(W-CA^<^l±^-7--. FBI 0 4AJKVJN 

3 < ft-SfitfiSi ^ KB 10 5 ©A 1 tin, 
HsWBJWTlSir— 3et?**«6»»3 <b«C©.^-CS«: 

[008 8] TSB3I4 ^J6Jf*Jg4©¥ilWfc U-lf 

*T-©g:^ea^ita**j «fco-x-y>^as o©fp 

[0 08 9] 
[*4] 











7 5mW 


8 0% 



[ 0 0 9 0 ] 314 J: *) . *XtttftB4 ©¥3*f*l« — ff* 

^SbfpB${ctet,>r*//W KB 1 0 5^-^-7P-l, 

tc&jSft + y T»x^.;l/+--!gli©ffi(,^ 1 _h2> 

B 1 0 4iS^S£tif0rm^Sfcto. x 5^>^ h 

[009 1 ] *Hi6^«l4-Ctt. fttf-f KB 1 0 5©A 
ljgUfcbSrO. 14A>P>0. 2$xmt2Htctfi, x ? 
K 0 6©^> K=¥ + -y^tCtB^-TS^ 

gA 2 £3fc#* Kll-050/OKft ? ^fCffll^-S 

l&BA 3©^©g^«i^ 

0 nm< A 2-A3^70nm 

©ffiH-c*n«*^i§©^mtt#jai«t 

[0092] S/c*fliS^SI4 -C«A 1 SAttfttbOft 



1 0 4|ffl©^*tx^;l,*--!Sgfii^fSWn(*l^«©^*i 

f#6ns©r. a iiistb^tS«rBJl^rS]t?^t3ti- 

[0 09 3] (S©SJBSi5) **SSJIiSS5©^»U- 
im^-Xit. KB 1 0 5*5^11f#P»S-C* 

■5ffe«±f2glJfi»S§3 i|s)«l©^fi£«:>iorL^ 0 BP 
^. 09{CftJ:5K, ^56^5©^^^ KB 1 0 
5ttAl,. 1I Ga,.„As#F131 (J?*#5 0A) 
iA l..,Ga..,Asigl21 (Jf*S3 0A) 

it-c^s^iS^ 3 1 «c ©*r , g^ -5 x 
[0094] nare k. ^mrnimcr^mm-v— *rm' 
wwck ssmmmxis <t c/x - s k> ©i? « 

^. 

[0 09 5] 
[^5] 
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7 5mW 


8 0% 



[ 0 0 9 7 ] #SlitJ&Jg5 £5fc<Df|;66J&SS4<DA 

[0098) *mm&m5 -at, &mm*#wycu ■< k 

1105 ©tfF&S: 3 i l^/crt*. -e©ffi©#F®!-C* -3 



* [0099] (Hjg^si6 ) *mtmm6 ©^»u- 

•So JPft. Ml Ott^TiSK:. *HSH&!?§ 6 

KH 1 0 5 ©**ifi«ggttJI/?:£f far 3 x 1 0 1 ' c m" J 

*>61xiO"ctn- , Sr^tl/Tfe9, x?3^>y* 

io h?^)ii o 6{gij-tyh3<£ri±5»-5 ? k@i 04ffl"jr 

[0100] TIB*6«. 3mMBm6<D¥m#l>— 9 

So 

[0101] 











7 5mW 


8 0% 



5fc3fctf-f KB 1 0 5<OT*BW«K{c«IB*Rtf SC <b 

+ yyi«fr*.®<*s ceases. c*-iK<fcoT:)£© 

3^*W3ftfc£**.6*i*. 30 
[0103] *te. ♦lO^JBBCT^iewatt^ia^ r 

[0104] (mznmi) mi i&*5£w<D¥m&i' 

^AlGaln P^^lC^cSB^S©^* 

» u - if *wara l fc«**-r . 

[0 1 0 5] HI lKltet^ CO***U— WR^Ofll 
ig^SJigXSiSCClft^"r€>o fflU HI lttt, HI 40 

<fc h«©3B#k: ttin— ©W#*ft u r $> h . 

[0106]$^ n-GaAsifil0 1^gg§ 
(HSHS-r) rtfC-fe-y FU C(Dn-GaAslSl0 
1±CC, »l|sia©iea3tfiCCj:0»Sn - <ai.. 7 
Ga, . 3 ) d, s v 1 n o . 4 9 -PT ^ ^ -K-H- 1 0 2 , >~F 
-:/MS^#Ft£ftJ110 3, p- (Al 0 . 7 Ga D . 3 ) 
o . u In 0 .„PilJ:^77KI104, p-(Al„. 
4 5 Ga 0 . j,) o.j! I n 0 . 49 P3fe^7V FJi 10 5, p-G 
a 0 . 44 I n,.,,Pi? ^>^X F 0 6SO'n- 

G a A s SttffljhS 1 0 9 *JB:K8i»J&fi-r 50 



[0107] CCt, y> F-~7'MST#F?StfeJf 1 o 
3«\ Ga B .n I n 9 . SB P#FJ14Jl, (Al Ji5 Ga 
...> ».m I n 0 ., f PI«fflB3JB3WSS«:«)BSti, * 

[0108] p-Ga,. 44 In B . S6 Px^>^h:7 

[0109]^ ±&<D?m»m&&JSi2ti1tn-G 
aAs!C10 1«ligK»>6»QlliU <&*QCr>iMiR 
x-y^>yfiSB*ffll»r, p-Ga,. H I n 0 . 56 Pi -y 
F y^il 0 6&Cfjji'r& c J: j 5>fc:n-GaAs 
«z£F£±» 1 0 9 CCX F ^ A ?Wom 1 1 1 *Jg«fT 

[0110] ^<D&, SflL n-GaAsIgl 0 1 £ 
JSSfilSBrtKHz * FU ^2 0acD^B^£S«:j:Op- 

(A 1 0 . 7 Ga 0 . 3 ) o. s, I n 0 .«.P*2^* FBI 0 
7SO'p-Ga,. n I n a<49 P3>^^hil 1 
Xmrn-fZo Stftte* p-GaInP3>^^Hl 1 
0<D±ERtfn -Ga AslSl 0 1 COTffitC*^ 

S*3 7 5 /zmtciSSUr, tH«(H«IH(C(«tSH«l 

5%, S*fffliJ^ffi^C«iKI4^7 5%CDn-f v>^JS£ 

[0 111] tt*s, *30^«7<0*W»U--1f*-?-© 

658nmt, A 1 - A20fflttOnm*C^ofc o 
[0112] TIS^7«. *IBSfiJB«7©***u— tf 
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[0 113] 
[«7] 











4 0 mW 


8 0% 




4 OmW 


4 0% 



[ 0 1 1 4 ] «7 &±IBS 1 tZUMLXfrtlim^fr 

4. 

[0 1 1 5] CCt. SES^S©¥»»U-!f^tC 

©tJtjgfcfcortt. x-yy^gjWJ »,>>£!©¥ 
c>t«. *frs*«j©fiTttja6ft&a»-?fc. 

[0116] CfflCii"), 

[0117] (HSS0JH8 ) M 1 2 K*IHI!¥*ttU- 
1fJIKP©3UI0B«8 *£M0£JB8tt. 

±a^dk^S2 i§j«© y ? j^o*a»i/-wit?«a 

flu *j^ff^8«:*$tirw. p- 
Ga A s x X h 7/-fJB 10 6*s^^h7-f 

[0118] *3a*»tt8©*3W*U— If*^. ±E 
Jtt6JB«2&£<R«{Ct,Tfls«iSft4. «T«C04 5C 30 



* [0 119] SOK^SlK09EMU^fll2PI«(c. &*n© 
W8Rx.v?-^>fWfr*mi<>X. p-AIGaAsf2i 
2»5 s» KB1 0 7Mp-GaAs + t» 7*JI 1 0 8£ 

s*i?f>«iit, y ? p- ^©a-shc 

SHil/tl,^p-GaAsiff>^ h v^Jll 0 6 

<D»&a!R&jtci*£-*-s. c©x v ^^mm\tA \ m 

HJ£©ffit>A 1 Ga A sJI£iiiR8<JK:x-,^>yu P 
HflgftiOA limit** 0. l~0. 3©ra-CSlRtt 

JS1 0 6 J: OA l*Ultb©iBt>P - A 1 GaAs^-f 
KBl 0 5tX!;?-yi/«Mt5. &*J. p -Ga A 

s + t5^no8ttsi o t m~cmt>tixi>ztc&m 

JB2 t£<R0t?*S. 
[0120] Tie^8 tt. ^Ufc»«8©**»U— !f 
5^©ffl2j 5 rriWBSfCfc 1? &&SM&&frai L/ tc&Mk*m 

t. $.tcitmmtLx. mmBm2<Dmm&is~-im* 

[0121] 
1*8] 





(5m WE*) 




4 Aim 




7 Aim 



[0 1 2 2] *8fe&9JB3tiSJ:9«:, oJgSfnKiRtS 
ffi4J#Oi 9 ?>^ h ? ;<JB 1 0 6*J'J ? h 5 A 
7-©rtgptC©*(C^fiSStifc*HJS^SI8 ©¥«& U- 
■WR^B. jdl0BM2©*aH*U---!f3IW-KJt'44i# 

£JiB^S^O:^l^*irnj±OTi».&. *oi4(i, 40 
±E©«i§«: j:ti«. y ? -KDnyt^mum 

[0123] C©J:5K:. KJf **x v ^i^X h 

f '<IS©TWCC^3 nr c> S**W©**«: U -If sg 

j&r.«..jt^i±©5Sc#*-agic?# : -'5-c<b-*$a*-5 i 

[0 124] (%tt^ffi9) HI 3U4^n^«ft:U- 

±m9m&f&2 mm<o y ? ^©^osm — ifamca 
fflo/cw^^-r. (ii/. #n*sj&&9«c*5t»-ctt t 

l#gffi*> 6 3 0am© 'J vita b ? ■< •7<DH&mm<Dfr 50 



p-GaAsI^>Wh ?r?JB 1 0 6&f8&2tlX 
t»* (013 (a) #H) ffe«. S©SJf^2<t^<l^i; 

[0125] JSITK. HI 3CCfi£l»2t^SS^ffi9©*» 

[0126] H*S0Sl8l^aitC. y ^<D9\- 
gptcSffibT^Sp -Ga Asi»f>« h »/<S 1 

-a«e$s-3-o-um©^^^ST"fx^Y^fE*"^" 
©rl^jg ; &x-y9 L >f?§jgiLT. C©»©F*3aS«CSm 
l/fcp-GaAsi?f>W h 7^11 0 6©*^rx 

[0127] «<Dfft». ±K9Ut«S2 i|^DXg«:«fc 
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[0128] *«^^.9©^ftU— tf^^D^cS £^*T#$jg©3Ug#U-^jrF£fF»L. ftfw * 

IHD*Sm£?§/c„ [0 13 0] 

[0 12913CK. *HSSJ£?!8 9 ©¥«# U — tf * im. 9 ] 







*hy/tH*-e©£gRI (Mm) 


x^-fllS (ffl/s e c) 


o (issscu&uia^) 


1 9 0 


1 . 5 


1 7 0 


3 


1 0 0 


1 0 


7 0 


3 0 


2 5 


1 0 0 


1 0 0 


1 5 0 


1 3 0 


2 2 5 


1 9 0 


3 7 5 (±T&*) 


10 0 0 



[0131] cct, mm, cd (3>^^h 20 liss^jsgo^ftu-ifsR^-iEiacca^rii 

x^-r**itt, »9triE«ttecj:0WH**D*nIfiB [0 13 6] ST, n-GaAslglO 1 ^S^g 

tttt^St^. mm±l*l&$>tc*) 1 OOfBWTOx^ (H5H*f) ftte-fe * H % COn-GaAslSl 0 

^g^n^„ **«l»JB9CC*>^rtt, ft9K^ir<J: 1±CC % mBB©ttiil«fiK:J:9n-A 1 Ga A sT 

5cc, jfetamaffi*^, x^>^f?aiio6s 2^*kjiio2* v>F-:?*F#FrSttJBi 03, 

TOffli3Mm35^ 1 0 x^ p - A 1 G a A sJH 1 ±l# =7 v FBI 0 4 , p-AlG 

-#l#*/c«5 1 0 0fflHTiftr)t*J»), #tMO^& a A s##-f FBI 0 5RI?P-GaAsi^>« 

^{lenrc^ci^b^^o f ^*bi 0 6£j«;&aB/£g-r&o 

[0 1 3 2 ] ^(DSSte, R9*^36aiW4SffiK:«Al/ [0 13 7]»W. n-GaAslgl 0 l^gg 
fcRL nJ«a#0®JRaft**J*oxt/^>^ h *^*B1 0 30 K3^e>BC0ttJUv n-GaAsISl 0 l±±ffi6CU^ 

6CC»iRSti*«*3&J5l>ac»fc». — tfSR^F-© X F«**WU * F U V^S? *«8S*JBt» 

tH**«$5eO. R#K9x^-#4>tt<tt-DT<,»4*><0 rftfig*|fiJK:Sii[K:i|i3 0 umCDflt*JgflEU P-G 

i^A^tiSc aA si??>W F ?>^B1 0 6^rStB^if^o *0 

[0133] a*. ^icc^Tcfc^cc, ^x>Mia»t*«©a^«*x9^>^«B«i 

h y^'Jl 1 0 6*r<DffilBt3W 10 0 Mm<fc ltp-GaAsX7?>^h ?;\*B 1 0 

0**1>»&k:W:, pJfiffl»iRja«3W+»'rtt<X'7- #£x^>^u FJR*»J»-r*. 

#**ttiJ»), 3 Mm<t0^3(r>»^W. SOtE^x [0 13 8] ^U, Sg, n-GaAslSlOU 

-T«a**a»S'i*SJlHi«cO. x^-^^^#r -A 1 GaAs*2±^? FBI 0 7Mp-GaA 

[0134] ^cfc. 44ak»s9r»^fi«8ScDjt »«2iracxa«cj:o*^u-if*^*fflH-r* 

j^«fcj^i,jfc*»^ 

-c£&„ [0139] &mm&f&i ocD^mfci—ym^-oymj: 

[0135] (9ffiB& 10)014 &*mi&&» \y SS^tgm^SO'x - i» * 0 £f¥ffl& b/c <!: C 

-^m-<ommm 1 o *^-r 0 cassis i o o*^ 5, uk* 2 ccssLfcsas«« 2 <omm# u— 

ftU-lf*^!*, *W«iBffl^&3 0*im©p-GaA HD«»*»fc. 
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[0141] 



* h?/tJH£-?0>!ENI (/im) 


Xt7— {Bffc (fi/s e c) 


0 (BfcfeU&lMg^) 


1 8 0 


1 . 5 


1 5 0 


3 


7 0 


1 0 


5 0 


3 0 


1 0 


1 0 0 


7 0 


1 5 0 


9 7 


2 2 5 


1 6 0 


3 7 5 (£-C&3c) 


10 0 0 



c o 1 4 2 ) xmmmmi o<D¥mi*u—*rm*-cte. 

[0143] (Xttfgffi 11)015 tt#^HJJ¥i£# u 
— «f 1 1^-T. #ft&t JfJSs 1 Hi. 
W*A 1 Ga I nP^ttft^ffl^/cgBS^I?©^* 

u-vm+icmm Mew**-?. 
C0144] xmrnrnm 1 1 ©¥*»f* u— tf x^t*. n 

ifeJI5S§7CD¥^flwU— tflTIT-KteWSp -Ga,.„ I n 
o.j.P^f^^^ h ?^'JS1 06£p-Ga„.si I n 
,. <( Pi7f>W h v'-ifBt l>. X h v ■< ^CC*jt» 30 
r. C©x 5 f h f ^"14 n - G a A s tffl±i« 



*@1 0 9_h«:jf*j£l,T<,»*ffi>tt. HS&ff5<S§7©¥a£&U 

[0145] 1 1 omm^ly-^m^-iCis^ 

Xb. H«S^S§7©^f*U— «RfiRD<. p-G 

^fc-T. p - A 1 Ga I n PfttfW FJH <•:©££«« 
[0146] 1 1 ©¥#{*U— tfS-?©m^ 

5nm<£&ttzft£Mm*&ffiutdt£mzTnm 1 1 cc 

[0147] 

[aii] 









4 /xm 



[ou8]«ii i±ie^8 1 ztb&L-cfrtumm 

[0149] (.^(oibcommm) *mi<Dmi 
mBmit±.i&mifcBm 1 -mmm 1 1 © i> ©k 3 

*x£*>©r«ft<. &T«c^f£a©^|g#nm-e* 

[0 1 5 0 ] -mtL-C. AlGaAsM«($U-f 
•f*(Co t >3T till y- ^M. A 1- G-a 1- n ■P*¥3WK'— 

tf*^-{c-pc»r«aE.^s©«jg©*«r7Si/fc*J. » 
*4 i ^^j&©iffi^^ to-e mtt isH£©2Wian# 6 

ft*. */c. m<OUnm. Mx.it, ZnSel, Ga N 

ens. 



[0151] s/c. r§ttS{c-5^r«fi^#FStta© 

W^-Cfe. *^BJ©^gCcSL*(,»fS»)|S|«©«im5!iif# 
[0152] Sffil©^Jijgg-?>oJ^fl]©iCUl© 

[0153] 

F ^/^IS©TilJ{c5fc#^ ITOSEHVfcO-C. 
^©liM^WSflOi^ai^ttf^tcfeir^rfe^^ttdJ 

[0 154] #«:if*ra2ia4S©^»u— im^tcJ: 
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-1 2 n m£ A 1 - A 2 ^ 2 n m 

X©W;£-£|nIigUJ5fcS„ c©/c«>. fc^fttiifimwicts 

[0155] £/<:. ^(C«5^3iaiE©*«»U— 
-^tCfctitf. x?*>yx h ?/-cjB©''*> K+> i-ytC 
*Bi!S-f SifcfiA 2 KJt©M> F+> 

-TSj&gA 3£©M#s, 
0nm<A2-A3^70nm 

©ffiBrt«:*s®Ji£*<i:£©r. pjiaffi®i&ct«fc^-c£ 10 
x#tt© ptea* njfifc i & z> . 

[0156]**:. «F^if^4ietS©^(*U— tf» 
1 0 1, cm- ) J:Wt< 1 x l O 1 ' cm" 1 J:»)/h?t>« 

[0157] Sfc. #«:«*^5IBtS©^««:l — If* 20 
j§g**5x l 0"cm-'J:0M< 3x l 0"cm-'J; 

o/J^^ts^is©-?. ^-r ^^>^»^ ; &W*iJb-c 
aa^im^^isji^^ct^m*^. c ©/&«>. 

[0158] £/<:. 1#«:if*316fa*EO^{*U— if* 

yx k v j*mM-c*$ <mi±??v K^fflj-r/hs < * 
&^b£*rr-2>«t/a£<fcs©-c. ja*jK*+ 30 

[0159] gfc. ^{CIS^7fBigO^»l^— 
1^©i|tff*5nm<!:&*. 

[0160] gfc. 1$Kfji5j^8iaiS©^(*u--- if* 
-?tc <fc ft tf. ytii 4 K SC^E^JiSS^x » ^ > y x h 40 

? ;<jhij-c/J^ <sii?7 7 KJUM-e*** < s^Mb 

>K:J:fttf. KJt©:£JIJ?# 1 0 0 AtLh2 0 0 

A«TT45M%tS©t, x-,?->^X h -^lf-v 

©m>m^:*!ti;tti#tia*pe>ft. so 
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[0 182]**:. ttlcmim 1 0f3*S©¥^(*U-1f 

PgBtC©*Eg3nri,^«fi£<&iS©'C. 
ft^t?©||^JIfr^M£*£<ai:5fe.&. C©fc#. 

[ 0 1 6 3 ] £/c. ^fCcli^ 1 1 f3tS©¥ig&U— !f 
*^C<fcfttf. x „ 5F>^X h v^Ji#:M£tHfti8ffittifi: 
«C*Jt»r^*5tl/c^?:}#o1i^tS©-C. R93fc 

[0164]*fc, #(Clf*3® 1 2iatg©*»(*U— tf 
f^CCjrfttf. x?=F>^x h ?^JI#A 1 

[0®©®*^^] 

[an *^©*is^ i £^-r. >; ? i^s©^i» 
v - -if *^©»rH0 r * i> . 

m2] mmmm i<ovv tmo^mw u— if*^«c*j 

^r. 5fetti^<tti>Ft«l#^©K^^-ry77-c* 
[03] i © v i>w.v>¥Mft ir-ym+ias 

[04] USS^SI 2 © 'J » ^M©*^(* - V 
(,>T. A 2 -A Siig^eSl^JgUl^i©^*^^ 

[05 ] © U ^M©*^*U— tf*^(C*i 

(b) \t%mt)<omu<Dm%^:. Ztietim-rtr^y-e 

[06] mmmm 3 © -^s©*«ft u - if *^«c *j 

[07] XIMI 3 © y »y ^M©*«(* U — !f K *J 

[08] ^HJ©H^3H4=&^-r. K@te<fcC/ 
x-,^>yx h ^^-M©mi»0-C*^. 

[010] *!%^©SIJS^!i§6 ?:^-r. jfcJS/-f PJWs J: 
CXx 9 ^> ^ h f '^H<E>4KKBIliJ:Cf7M<8ltt0E^ 

-<D#-?7^e$>Z>7r — 

[011] #»9J©»WBtt7 *wT. SSIS^M©* 

U-if*^-©»fE0-C*S. 
[012] 49S9!OXife«»8 £jnT. ^ i^S©*3l 
^ \s -if *T©»i®0-CA 

[013] (a)B'J 5 y 
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(b) « (a) ©A-A' ^«C«fcS»f®@. (c)«^ 
[114] &mJi<D9zmfci& 1 0 'J v i/MO* 

[mi 5 ] *&w<D9itmm 1 1 £^-r« sb&£§!?<d 

0T*>£. 

[flf^©ttt9» » 
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